MARKED-UP SPECIFICATION 



Background of the Invention 



Beam forming device 



[0001] This invention relates to a process for producing an optical beam forming device 

which has a plurality of lens means which are arranged offset to one another in at least one direction 
on at least one optically functional interface. 

[0002] Optical beam forming devices are arrangements of optically functional components 

which are suited to selectively modify the radiation characteristic of a beam bundle in order to 
obtain, for example, a defined shape and an intensity distribution which is defined over the cross 
section of the beam bundle. Here it is often advantageous to arrange the optically functional 
components in packing as dense as possible in order to achieve the aforementioned objectives. For 
example, arranging spherical lenses hexagonally to one another to obtain a comparatively high bulk 
density (packing density) of the lenses is known. 

[0003] WO 98/10314 discloses forming individual lenses which can be made spherical, 

aspherical and/or cylindrical, convex or concave and which moreover can also have different focal 
lengths and/or apertures, in the manner of facets rotationally symmetrical on a spherical-convex 
base surface. But production of such an arrangement is relatively complex and expensive. 
[0004] It is an object of this invention is to make available a process for producing an 

optical beam forming device of the initially mentioned type and a generic optical beam forming 
device which can be produced more economically. 
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Summary of the Invention 

[0005] It is proposed that the beam forming device is assembled from at least two 

optically functional modul e s components, each of the at least two optically functional modul e s 
components on a first optically functional interface having at least one firsts cylinder lens means 
and on the second interface which is essentially opposite the first at least one second cylinder 
lens means with a cylinder axis which is aligned essentially perpendicular to the cylinder axis of 
the cylinder lens means which is located on the first interface. The at least two optically 
functional modul e s components are joined such that on the optically functional interface of the 
beam forming device there are cylinder lens means arranged offset to one another in one 
direction. The cylinder lens means are then arranged more or less in a facet-like manner on this 
interface of the beam forming device. The term cylinder lens means here is defined as lens means 
with cylinder geometry and moreover also lens means with a cylinder-like geometry. 
[0006] In one preferred embodiment^ at least two optically functional modul e s 

components are assembled such that the cylinder axes of the first cylinder lens means are 
oriented at least partially parallel to one another on a first optically functional interface of the 
beam forming device. Furthermore at least two optically functional modul e s components are 
assembled such that the cylinder axes of the second cylinder lens means are oriented at least 
partially parallel to one another on a second optically functional interface of the beam forming 
device. In this way A better optical properties of the beam forming device are obtained. 
[0007] In one especially preferred embodiment^ at least two optically functional modul e s 

components of at least one cylinder lens array with a plurality of first cylinder lens means on the 
first side and a plurality of second cylinder lens means on a second side opposite the first side are 
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cut. In this embodiment* the at least two optically functional modul e s components can be 
produced in an e sp e cially a simple manner from the cylinder lens array. 

[0008] In one preferred embodiment* it is provided that the cylinder lens array is cut by 

planes which are oriented essentially parallel to the lengthwise axes of the first cylinder lens 
means. For reasons of symmetry, in one especially preferred embodiment* the cylinder lens array 
is cut by planes which extend through the joint edges of adjacent first cylinder lens means and 
which orthogonally intersect the cylinder axes of the second cylinder lens means. 
[0009] In one especially advantageous embodiment it is provided that the lengthwise 

sides of the optically functional modules components are contoured at least in sections by 
segments being cut out of the lengthwise sides. In this way joining of at least two optically 
functional modul e s components is simplified. 

[0010] In one especially preferred embodiment* it is provided that the lengthwise sides 

are contoured at least in sections such that the joining of at least two optically functional modul e s 
components takes place such that the cylinder lens means are located offset to one another in at 
least one direction. 

[0011] For reasons of symmetry and in order to facilitate joining of the optically 

functional modul e s components , it is advantageous that segments of roughly the same size are 
cut out of the lengthwise sides of the optically functional modul e s components . 
[0012] In one especially preferred embodiment* segments with cross sections which have 

an essentially triangular outline are cut out of the lengthwise sides of the optically functional 
modules components . In this way* the lengthwise sides of the optically functional modules 
components acquire a type of zig-zag contouring. 
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[0013] Advantageously identical segments are cut out of the two opposing lengthwise 

sides of the optically functional modules components opposite one another in order to reduce the 
effort for later joining. 

[0014] The optically functional modules components can be joined in such a way that on 

one interface of the beam forming device an essentially hexagonally packed arrangement of the 
second cylinder lens means is formed. 

[0015] It has been found that the cylinder lens array can be easily cut and contoured by 

means of ultrasound, electron beams or laser beams. These production steps can also be carried out 
with computer support in order to obtain an optimum cutting and contouring result. 
[0016] In order to permanently stabilize the arrangement of the individual optically 

functional modul e s components after joining, it has been found to be advantageous for the optically 
functional modul e s components to be cemented to one another at least in sections. Alternatively^ 
they can also be soldered to one another. 

[0017] The beam forming device comprises preferably cylinder lens means which are 

shaped convexly and/or concavely and which have spherical and/or aspherical jacket surfaces. 
[0018] The lens means can be arranged essentially hexagonally tightly packed on at least 

one optically functional interface of the beam forming device. 

[0019] The outer contour of the beam forming device can be adapted to different 

applications and can be for example essentially round, rectangular, square or hexagonal. 
[0020] The beam forming device is preferably made up of glass, especially of silica glass, 

or of plastic. 
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Brief Description of the Drawings 

[0021] Other features and advantages of this invention will become clear based on the 

following description of one preferred embodiment with reference to the attached figures. 

[0022] Figure 1 shows a perspective extract of an orthogonally crossed cylinder lens array 

from which a beam forming device is produced as claimed in the invention; 

[0023] Figure 2 shows a perspective view of an optically functional modul e s component ; 

[0024] Figure 3 shows a perspective view of the beam forming device; and 

[0025] Figure 4 shows a perspective view of the beam forming device turned by 1 80°. 

Detailed Description of the Invcntoin Invention 

[0026] First, reference is made to Figure 1. It shows in a perspective view an extract of an 

orthogonally crossed cylinder lens array 2 from which a beam forming device is produced 
according to th e proc e ss as claim e d in th e inv e ntion . 

[0027] It is apparent that the cylinder lens array 2 on the front, i.e. on the side facing the 

viewer, has a plurality of first cylinder lens means 20 with lengthwise axes which are oriented 
essentially parallel to one another. The first cylinder lens means 20 each have curved jacket 
surfaces, the termination of which forms joint edges of adjacent first cylinder lens means 20. 
[0028] On its back a the cylinder lens array 2 has a plurality of second cylinder lens means 

21 with lengthwise axes which are likewise oriented essentially parallel to one another. The second 
cylinder lens means 21 likewise have curved jacket surfaces, the termination of which forms joint 
edges between adjacent second cylinder lens means 21. 
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[0029] The lengthwise axes (cylinder axes) of the first cylinder lens means 20 on the front 

are recognizable essentially perpendicular to the lengthwise axes of the second cylinder lens means 
21 on the back of the cylinder lens array 2. 

[0030] Such a cylinder lens array 2, as is shown in Figure 1, forms the initial material for 

producing the beam forming device 1 using the process as claimed in the invention. In the 
embodiment shown here all the first and second cylinder lens means 20, 21 of the orthogonally 
crossed cylinder lens array 2 are made convex. It is of course also possible for the first and/or the 
second cylinder lens means 20, 21 to be at least partially concave. Generally such a cylinder lens 
array 2 is made of glass, especially silica glass. In the meantime it is also possible to produce 
cylinder lens arrays from plastic. 

[0031] As set forth in the invention the cylinder lens array 2 is first repeatedly cut axially 

parallel to the lengthwise axes of the first cylinder lens means 20 of the cylinder lens array 2 in 
order in this way to obtain a plurality of optically functional modul e s components 30, 31, 32, 33 
which will be detailed later with reference to the other figures. The cutting planes, therefore the 
planes along which the cylinder lens array 2 is cut, are oriented essentially parallel to the lengthwise 
axes of the first cylinder lens means 20 on the front and essentially perpendicular to the lengthwise 
axes of the second cylinder lens means 21 on the back of the cylinder lens array 2. 
[0032] Here the individual cutting planes for reasons of symmetry each extend through the 

joint edges of two adjacent jacket surfaces of the first cylinder lens means 20 on the front of the 
cylinder lens array 2. The cylinder lens array 2 is cut preferably by means of ultrasound, electron 
beams or using lasers, especially UV lasers. 
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[0033] In this way optically functional modul e s components 30, 31, 32, 33 are obtained 

which on the first side have an individual first cylinder lens means 20 and on the second side which 
is opposite the first side a plurality of second cylinder lens means 21 . 

[0034] At least two of these optically functional modul e s components 30, 31, 32, 33 are 

joined in a next step into the beam forming device 1, the second cylinder lens means 21 on one 
interface of the beam forming device 1 being arranged offset to one another in a facet-like manner. 
[0035] In order to simplify the joining of the optically functional modul e s components 30, 

31, 32, 33 and on one interface of the beam forming device 1 to obtain the aforementioned facet- 
like arrangement of the second cylinder lens means 21, two lengthwise sides of the optically 
functional modul e s components 30, 31, 32, 33 at a time are contoured with a zig-zag structure. 
Viewed in the lengthwise direction segments are continuously cut out of the side edges of each 
optically functional modul e s components 30, 31, 32, 33. The individual segments are preferably of 
the same size and have a cross section with an essentially triangular outline. The segments can in 
turn be cut out preferably by means of ultrasound or using lasers, especially UV lasers or electron 
beams. 

[0036] Figure 2 shows by way of example an optically functional modul e components 30, 

31, 32, 33 which has been cut out of the cylinder lens array 2 and from the side edges of which 
identical segments with roughly triangular outlines have been continuously cut in order in this way 
to obtain zig-zag structures. It is apparent that these zig-zag structures are present identically in the 
area of both side edges, opposite one another. This property of the optically functional modul e 
components 30, 31, 32, 33 which has been produced in this way simplifies the joining of several of 
these modul e s components . 



7 



[0037] After the optically functional modul e s components 30, 31, 32, 33 have been 

contoured, as just described, they can be assembled into the beam forming device 1 as shown in 
Figure 3 and Figure 4. 

[0038] A beam forming device 1 which has been assembled from four optically functional 

modul e s components 30, 31, 32, 33 is shown in perspective in Figure 3 and Figure 4. The directions 
of looking at it have each been turned 1 80° to one another. 

[0039] Figure 3 clearly shows that the lengthwise axes of the first cylinder lens means 20 of 

the four optically functional modul e s components 30, 31, 32, 33 extend essentially parallel to one 
another even after joining. Furthermore^ the curvature of the first cylinder lens means 20 on the 
second interface of the beam forming device 1 shown here is apparent. The areas of the side edges 
of adjacent optically functional modules components 30, 31, 32, 33 which have not been contoured 
as described above project into the areas from which the segments have been cut out. It thus 
becomes clear that the zig-zag structuring of the two side edges simplifies the joining of the 
optically functional modul e s components 30, 31, 32, 33. 

[0040] The optically functional modul e s components 30, 31, 32, 33 can be cemented or 

soldered at least in sections in order to form a stable and permanent combination. 
[0041] Figure 4 shows the beam forming device 1 which has been produced according to 

the process as claim e d in th e invention from a second side. This view is therefore turned by 180° to 
that from Figure 3. This representation illustrates the facet-like, offset arrangement of the two 
cylinder lens means 21 on the second interface of the beam forming device 1. This means that 
roughly in the area of one joint edge of two axially successive cylinder lens means 21 of a first 
optically functional modul e component 30, 31, 32, 33 the jacket surfaces of the second cylinder lens 
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means 21 of an adjacent optically functional modul e component 30, 31, 32, 33 run straight through 
their vertex. 

[0042] Altogether the beam forming device 1 which has b ee n produc e d according to th e 

proc e ss as claim e d in th e inv e ntion has a high filling factor. The second lens means 21 on the 
second interface of the beam forming device 1 are packed relatively tightly, essentially hexagonally. 
[0043] It should b e e xplained onc e again at this point that the The outer contour of the 

beam forming device 1 is optional. For example, rectangular, square, hexagonal, or also essentially 
circular outer contours can be produced. 

[0044] Compared to the process for producing a densely packed lens arrangement which is 

known from the prior art, the process as claimed in the invention is relatively economical since the 
cylinder lens arrays 2 which are used as the initial materials can be produced in series. 
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